during peak NO, evolution).
To determine if the mercury content of the offgas exiting the FAVC will be at or below saturation, measurements of the mercury concentration in the offgas were perfirmed during the BL1 and PX6 runs of the IDMS. During BLl, the concentration of mercury at the inlet to the FAVC was also measured. These tests were conducted without the HEME.
The performance of the FAVC with the HEME and with the ammonia scrubber will be tested during the PX7 run of the IDMS.
SUMMARY
The concentrations of mercury at the FAVC inlet and exit were measured during the BL1 and PX6 runs of the Integrated DWPF Melter System (IDMS) with the HEME 
EXPERIMENTAL
The concentration of mercury in the offgas was measured by extracting samples from the offgas system. These samples were passed through impingers (bubblers) to absorb the mercury. The gas samples were first passed through two impingers containing 2 M NaOH to remove most of the NO,. It was then passed through three irnpingers containing 1.5-4 (w/v)% -0 4 in 10 (v/v)% HzSO4. The use of -04 in H2S04 has been described as the most effective method for absorbing elemental mercury, mercury compounds (except organomercury compounds), and partidate mercury. The mercury is oxidized to form Hgc2. A removal efficiency of 9046% for a single impinger and 99% for two or more impingers has been reported. 2.3.426 In the presence of oxidizing gases such as or NO, pretreatment of the gas sample is necessary to preserve the absorbing ability of the KMnO4/HzS04 absorbent.3 For SO;?, the use of acidic H 2 0 2 is recommended. Caustic (NaOH) may also be used, but it will absorb some of the mercury present and convert it to HgO. However, for this work, caustic was used since the impingers containing the caustic were also analyzed for mercury.
The analysis of the impinger samples was performed by Vapor Generation Apparatus (VGA) (cold vapor) atomic absorption (AA) spectroscopy by the DWPT laboratory at TNX. The caustic impinger solutions were treated with acidic permanganate to oxidize all the mercury to Hg+2 and then the mercury was reduced to elemental Hg by hydroxylamine before measurement on the AA. The KMnOq/H2S04 impinger solutions were also treated with hydroxylamine before measurement on the AA.
RESULTS AND DISCUSSION
Sampling fur mercury at the exit of the FAVC (without the HEME or ammonia scrubber) was conducted during the BL1 (6/90) and PX6 (12/93) runs of the ID=. In the Btl run, sampling at the FAVC inlet was also performed. The BL1 run used the formic acid flowsheet, whereas the PX6 run used the nitric acid flowsheet. Sampling in BL1 was performed during the formic acid reflux period, during which most of the mercury is stripped from the sludge. In PX6, sampling was done during the Precipitate Hydrolysis Aqueous ("HA) addition. Sampling during nitric acid addition was not performed since mercury is not evolved during this phase.
The concentrations of mercury in the samples taken during BLI and PX6 are shown in Figures 1 and 2 , respectiveIy. The data show that for some of the samples (BL1 Set 1, PX6 Set S), all of the mercury was probably removed in the impingers since the amount of mercury in the last impinger was essentially zero. For most of the others, it appears that Rot all the mercury was absorbed. However, the amount of mercury in the offgas was probably not more than about 10% higher than measured. The lower than expected efficiency for the PX6 samples was probably caused by using too high a gas sampling rate. Nonetheless, the results are adequate for determining the effectiveness of mercury removal.
NaOH
NaOH KMn04
KMn04 KMn04
Impinger The total amount of mercury absorbed by the impinger train was calculated from the analyses of the individual impingers. This information combined with the volume of gas sampled was then used to determine the concentration of mercury in the gas sample (see Appendix A). Figure 3 shows the concentration of mercury measured and the concentration of mercury that would have existed if the gas had been saturated with mercury at the FAVC exit temperature.
The data clearly show that the concentration of mercury exiting the FAVC (without HEME or ammonia scrubbers) is greater than the amount that would be found if the vapor were saturated, indicating that the vapor was supersaturated with mercury (or supercooled with respect to mercury). The HEME and ammonia scrubber may further reduce the mercury concentration if the supersaturated mercury is present as a mist. 
temperature models (see Appendix A).8
Appendix A).
However, none of the data given here was taken with the offgas flowing through FAVC HEME. Use of the HEME would be expected to improve mercury removal if the mercury exists as a mist. Also, the ammonia scrubbers on the SRAT and SME, which operate with p H 1-3 nitric acid, should remove some mercury from the offgas.
CONCLUSIONS
1. The Formic Acid Vent Condenser, without a HEME, does not reduce the concentration of mercury to saturation at the condenser exit temperature.
2. The SRAT (or SME) condenser also does not reduce the concentration of mercury to saturation at the condenser exit temperature.
3. Supercooling of mercury in the condenser exit vapor occurs as predicted by Lee.
RECOMMENDATIONS
1. Perform an IDMS run with the FAVC HEME in place to determine its effect on mercury removal.
The PX7 run will be done with the HEME in place. The FAVC exit offgas will be sampled and analyzed for mercury.
2 Determine whether the ammonia scrubbers will remove mercury.
In PW, the vapor exiting the scrubber will be sampled and analyzed for mercury. ("C) where T , , = FAVC HEME exit temperature ("C) T , = approach temperature ("C) = 16 T , = temperature rise from tube exit to HEME exit due to ambient heat conduction ("C) [NO,] = concentration of NO, at FAVC exit (mol O h ) p = bypassing factor (= 0 if HEME bypassed; 1 if HEME not bypassed)
The predicted and measured FAVC HEME exit temperatures are shown in Figure A- 
1.
Since the data fit well, estimation of the tube exit temperature using the models was deemed appropriate.
The FAVC tube exit temperature was estimated as:
T , , = 2.9171fN0xr'568' + T, + TLPP where T , , = FAVC tube exit temperature ("C) T, = average cooling water temperature (inlet LL outlet) ( TaPP = approach temperature ("C) = 1.6
[NOx] = concentration of NOx a t FAVC exit (mol %> The predicted FAVC tube exit temperature is also shown in Figure A- 
